Seasonal changes in the amounts of phosphorus and potassium dissolved from soils by dilute calcium chloride solutions by Blakemore, M.
Patron:		Her	Majesty	The	Queen	 	 Rothamsted	Research	
Harpenden,	Herts,	AL5	2JQ	
	
Telephone:	+44	(0)1582	763133	
Web:	http://www.rothamsted.ac.uk/	
	
	 	
	
	
Rothamsted Research is a Company Limited by Guarantee 
Registered Office: as above.  Registered in England No. 2393175. 
Registered Charity No. 802038.  VAT No. 197 4201 51. 
Founded in 1843 by John Bennet Lawes.	
	
Rothamsted Repository Download
A - Papers appearing in refereed journals
Blakemore, M. 1966. Seasonal changes in the amounts of phosphorus 
and potassium dissolved from soils by dilute calcium chloride solutions. 
The Journal of Agricultural Science. 66 (1), pp. 139-146. 
The publisher's version can be accessed at:
• https://dx.doi.org/10.1017/S0021859600060408
The output can be accessed at: 
https://repository.rothamsted.ac.uk/item/95x86/seasonal-changes-in-the-amounts-of-
phosphorus-and-potassium-dissolved-from-soils-by-dilute-calcium-chloride-solutions.
© Please contact library@rothamsted.ac.uk for copyright queries.
22/08/2019 10:26 repository.rothamsted.ac.uk library@rothamsted.ac.uk
J. Agric. Sd. (1966), 66, 139
With 8 text-figures
Printed in Great Britain
Seasonal changes in the amounts of phosphorus and potassium
dissolved from soils by dilute calcium chloride solutions
BY M. BLAKEMORE
Rothamsted Experimental Station, Harpenden, Herts.
(Received 11 September 1965)
139
Schofield (1955) suggested that the chemical
potential of monocalcium phosphate was the func-
tion most likely to give a numerical index of
' available' phosphate in soils and that it should be
calculated from the pH and concentrations of P
and Ca in a 0-01 M solution of calcium chloride in
equilibrium with soil from the expression £pCa +
pH2PO4. If this 'phosphate potential' is used as a
measure of easily soluble phosphate it is important
to know whether values remain constant through-
out a year or change with the seasons because of
manuring, cultivations and cropping. The need for
this knowledge is particularly great when soil
analyses are used to follow changes in soluble P
resulting from cropping and manuring, and where
manuring is to be planned to maintain or increase P
status. If these are seasonal changes unrelated to
the P added by fertilizers, or to that removed by
crops, they may vitiate the use of soil analysis for
controlling manuring unless sampling is always
done at the same time of the year. The work
described in this paper was done to see whether the
P concentration in 0-01M CaCla solution in equili-
brium with soil differed at different seasons of the
year. As calcium concentration in this solution
remains constant in most English soils, it is
sufficient to follow P concentrations and there is no
need to calculate phosphate potentials.
Sites sampled at monthly intervals throughout a
year wore chosen on clay-loam soils derived from
Clay-with-Flints at Rothamsted and on sandy loams
over Lower Greensand at Woburn. They included
fallows and cropped land, and manured and unman-
ured soils. The work wasplanned to study phosphate
alone but changes in concentrations of potassium
in the equilibrium solutions were also measured.
K concentrations may prove useful in assessing
available K in soils (Arnold, 1962; Matthews &
Beckett, 1962).
A few preliminary tests on conditions of extrac-
tion indicated that the procedure must be standar-
dized (Aslyng, 1954). The soil/solution ratio and
time of extraction greatly affected P concentrations
measured on soils rich in phosphate. The way the
soil was dried also affected the P concentration.
Results given here were obtained with both air-
dried and fresh soil.
METHODS AND MATERIALS
Extraction methods
20 g. of air-dried soil that had passed a 2 mm.
sieve, or its equivalent of fresh soil, was shaken
manually at intervals for 15 min. with 100 ml.
0-01 M CaCl2 solution, then the suspension was
filtered. P was determined colorimetrically on the
nitrate by Truog & Meyer's (1929) method and
using a long-celled EEL absorptiometer; K was
determined by an EEL flame-photometer.
Rothamsted soils
The Barnfield Permanent Mangold Experiment,
which was fallowed in 1961/62 provided soils
differing greatly in their contents of P and K, some
of which have received annual dressings of farm-
yard manure (FYM) and others of mineral fertilizer
only. Details of the treatments are given by Warren
& Johnston (1961). The sampled plots, identified
by strip numbers and series letters, were:
Series treatment: O, without nitrogen; N, with
sodium nitrate; A, with ammonium sulphate.
Strip treatment: (1) FYM; (2) P, K, FYM;
(4) P, K, Na, Mg; (8) None.
Annual rates of manuring/acre were: FYM,
14 tons; P, 3£ cwt. of superphosphate; K, 4J cwt.
of potassium sulphate; Na, 2 cwt. of sodium
chloride; and Mg, 2 cwt. of magnesium sulphate.
The other Rothamsted fields and their cropping
in 1961/62 were:
Highfield 9: very old grassland, grazed.
Pastures: arable 1939, grass 1940-49, arable
1950-56, grass 1957-63.
Highfield 5: arable field ploughed from very old
grass in 1951; barley in 1961/62.
Delharding: arable field ploughed from old grass
in 1942; wheat in 1961/62.
Woburn soils
Butt Furlong: grassland, sown in 1930; grazed.
Lansome: old arable soil; Barley in 1961/62.
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021859600060408
Downloaded from https://www.cambridge.org/core. BBSRC, on 22 Aug 2019 at 10:26:19, subject to the Cambridge Core terms of use, available at
140 M. BLAKEMORE
Table 1. Initial and final values of phosphorus and potassium soluble in 0-01M CaCl2 solution from the
Barnfield Experiment- Initial values of soil samples were taken in April 1961, and final values for the 0
series in April 1962 and for the N and A series in March, 1962.
Plot
SoilpH
Dry soils
Initial values
Final values
Wet soils
Initial values
Final values
Dry soils
Initial values
Final values
Wet soils
Initial values
Final values
80
7-5
0-4
0-5
0-5
0-4
3-7
3-7
2-9
1-9
10
7-2
9-8
9-6
8-1
8-8
190
29-6
16-0
25-8
4 0
7-5
2 1
1-9
2-3
1-7
32-0
390
25-8
32-8
20
7-3
8N
7-6
I N
7-4
4N
7-5
Phosphorus (/tstP/l.)
17'2 0-4 7-6 3-7
17-3 0-5 7-7 2-7
151
15-3
0-4
0-4
Potassium
380 2-1
63-6 2-0
30-2
55-6
0-9
10
5-4
71
2-8
2-8
(p.p.m.)
18-2 42-0
22-0 360
120
18-5
21-8
29-2
2N
7-4
20-5
20-5
13-5
20-3
58-0
59-4
27-2
570
8A
7-4
0-5
0-5
04
0-4
2-0
1-9
0-6
0-7
1A
7-3
19-0
19-4
15-2
18-9
15-2
17-5
9-6
16-5
4A
7-2
7-4
6-9
6 1
6-8
37-5
360
20-4
320
2A
7-1
36-7
40-0
28-0
351
54-5
53-6
28-4
570
Stackyard Field: old arable soil; sugar beet in
1961/62.
Sampling began in April 1961 in all the fields and
was repeated each month until April 1962. Analy-
ses were made on both fresh and air-dried samples.
RESULTS
Comparison of analyses on fresh and air-dried
soils
The concentrations of both soluble P and K were
consistently larger in air-dried than in fresh
samples, but fluctuations throughout the season
were greater in fresh soil. Both P and K concentra-
tions in extracts of air-dried soil were very similar
to those obtained a year earlier when sampling
began (Figs. 1, 2). This was also true for P using
fresh soils, but most values for soluble K were
larger at the end of sampling than they were
initially (Table 1).
Air-drying seems to 'stabilize' soluble P and K
in soils, as it does mineralizable nitrogen (Gasser,
1961; Cooke & Cunningham, 1958), so leading to
more reproducible analyses. Also, because values
with air-dried soils fluctuated less over the year and
were more consistently related to manuring, it
seems better to use air-dried than fresh soils, par-
ticularly when making routine tests on which to
base advice on fertilizer needs. Air-dried soil is also
easier than fresh soil to analyse.
Seasonal changes in soluble phosphorus and
potassium
Barnfield soils. Fig. 1 shows values for soluble P
in the air-dry soil throughout the year and Fig. 2
values for soluble K.
Soluble P remained consistently small during the
year on the plots not given phosphate fertilizer
(plots 80, 8N and 8A). Where inorganic fertilizer
was given (plots 40, 4N and 4A) amounts were
increased temporarily by the dressing given in June
but later returned to their original values. The
change, however, was hardly measurable on plot
40 (not given nitrogen fertilizer). Where FYM was
applied (plots 10, IN and 1A) soluble P was more
variable, but at the end of the year values were
similar to those at the start, even though two FYM
dressings had been given. Where both phosphate
fertilizer and FYM were given (plots 20, 2N and
2A), fluctuations during the year were larger still,
particularly where ammonium sulphate was given
(plot 2A), soluble P increasing by 60% in June
when both inorganic fertilizers and FYM were
applied. These plots had been limed to pH 7'0 in
1958.
The largest concentrations of soluble P were on
plots receiving both inorganic fertilizer and FYM
(plots 20, 2N and 2A) where values exceeded the
sum of the values from the plots receiving separate
applications of either FYM or inorganic fertilizer.
P was also more concentrated in soil of plots
receiving FYM alone than in plots receiving in-
organic fertilizer. Soil phosphorus was therefore
most soluble on plots receiving FYM, and on plots
that had grown good crops of beet and mangolds
where the organic matter returned by the crop may
have helped to keep P soluble.
Warren & Johnston's (1960) analyses show that
the dressing of 14 tons FYM/acre used on Barnfield
supplied between 18 and 96 lb. P/acre/year, while
the inorganic fertilizer supplied about 30 lb. P/acre.
The striking feature of these analyses was that
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Fig. 1. Values for soluble P in air-dry soil, Barnfield.
Series A, ammonium sulphate; series N, sodium nitrate;
series O, no N.
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Fig. 2. Values for soluble K in air-dry soil, Barnfield.
Series A, ammonium sulphate; series N, sodium
nitrate; series O, no N.
the P soluble in the equilibrium solution was very
similar at the end of the year to that at the
beginning, in spite of the intervening changes
caused by manuring and cultivation.
Soluble K was low throughout the year in the
plots receiving neither K fertilizer nor FYM (plots
80, 8N and 8A). Fertilizer generally caused large
increases in soluble K. K measurements varied
much more than P measurements on series O and N
plots; the largest fluctuations occurred where both
phosphate fertilizer and FYM were given, but no
nitrogen fertilizer (plot 20). FYM had large effects
on K concentrations on series O plots without
nitrogen fertilizer, but much smaller effects on
comparable plots with nitrogen (plots IN and 1A);
on plot 1A which gets (NH4)2SO4, the soluble K
was remarkably constant throughout the year in
spite of two FYM applications.
Soluble potassium was less in the plots of all
series treated with FYM alone than in corresponding
plots given K fertilizers. The reverse was true for
phosphate. Warren & Johnston's (1960) analyses
show that 14 tons of the kind of FYM used could
supply from 94 to 350 lb. K/acro, while the mineral
fertilizer supplied approximately 226 lb. K/acre.
On the two series of plots (N, A) that had nitro-
gen fertilizer, soluble K in April 1962 was similar to
when sampling began in April 1961. On the O series
(without N), however, there was more at the end
than at the beginning.
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Table 2. Initial and final values of phosphorus and potassium soluble in 0-01 M CaCl2
solution from all sites sampled other than on Barnfield
P values (/*M/1.) K values (p.p.m.)
Woburn, 0-4 in. soils
Lansome
Dry soils
Wet soils
Butt Furlong
Dry soils
Wet soils
Stackyard
Dry soils
Wet soils
Rothamsted
Highfield 9
Dry soils
Wet soils
Pastures
Dry soils
Wet soils
Highfield 5
Dry soils
Wet soils
Delharding
Dry soils
Wet soils
Initial
17-7
171
2-8
1-7
0-7
1-4
0-5
0 1
0-3
0-2
0-4
0-1
0-2
0 1
Final
9-2
8-8
3-2
2-7
0-5
0-4
0-5
0-4
0-4
0-3
0-2
0 1
0-3
0-5
Initial
16-6
130
20-5
15-8
6-6
6-3
12-8
5-0
9-9
3-8
9-2
8-7
6-9
3-5
Final
12-0
10-5
22-2
19-0
9-4
5 0
7-9
6-0
140
13-5
3-1
2-9
2-9
2-8
Other Rothamsted and Woburn soils
Concentrations of both P and K measured in
calcium chloride solutions in equilibrium with the
air-dried soils were larger than those measured with
fresh moist samples (Table 2). All the Rothamsted
soils could be classified as 'low' in soluble P. These
empirical classifications were maintained during
the year in spite of the fertilizer applied.
The K concentrations encountered (Table 2)
ranged from approximately 4 p.p.m. in Delharding
Field at Rothamsted to 23 p.p.m. in Butt Furlong
at Woburn. Values fluctuated more over the year
than did those for soluble P, but each soil again
remained within its initial classification of 'low',
'medium', or 'high'.
Phosphorus. All the Rothamsted soils main-
tained small P concentrations, averaging 0-6/tti
P/l. or less, in 0-OIM CaCl2 solutions throughout the
year. The fluctuations in Fig. 3 are probably within
the limits of the inevitable errors of sampling for
arable soils but not for soils under grass. Applying
P fertilizers did not affect concentrations of the
soluble P in the soils; the concentration tended to a
maximum in September/October, which never
exceeded 1-OjtM P/L, and a minimum in mid-winter.
Of the light soils at Woburn only Stackyard
Field had a P concentration that remained 'low'
throughout the year; the maximum was in
10 - Fig. 3
Grass
. ~l I I I I I I I I I r .
A. M. J. J. A! S. O. N.D. J. F. M. A.
1961 1962
Fig. 3. Values for soluble P , Rothamsted soils, x — x ,
Delharding, Highfield 5; 0 — 0 , Pastures, Highfield 9.
Fig. 4. Values for soluble K, Rothamsted and Woburn
soils. x — x , Delharding, Highfield 5, Lansome,
Stackyard; O—O, Pastures, Highfield 9, But t Furlong.
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Fig. 5. Values for soluble P, Woburn soils.
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Fig. 6. Differences of soluble P with depth of sampling,
Woburn air-dried soils. • — • , 0-4 in.; O O.
4^8 in.; A A, 8-12 in.
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Fig. 7. K soluble in CaCl2 solution in arable soils and soils under pasture. Dry soils;
, wet soils. H, Harvested; P, ploughed.
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September 1961 and the minimum in January 1962
(Fig. 5). Under grass in Butt Furlong, values
fluctuated a little, again with a maximum in
September and a minimum in January, but they
remained in the ' moderate' classification used here.
These variations seemed to be directly related to
the growth of grass and not to the fertilizers, which
were applied at the beginning and end of the
sampling year. The soil of Lansome Field had P
concentrations in the 'high' category and they
fluctuated more; values fell steadily with cropping
during the year and were minimal in January, when
concentrations were only half those of the first
sample in spring, 1961. It seems unlikely that the
initial value for April 1961 would have been re-
Woburn
Lansome
A. F. M. A.
Fig. 8. K soluble in CaCla solution. Air-dried samples
to show differences with depth of sampling. # #,
0-4 in.; O O, 4-8 in.; A A, 8-12 in.
gained by April 1962 had not phosphate fertilizer
been applied in March 1962; the application im-
mediately increased the concentration of soluble P
above that of the previous year (Fig. 5).
Fig. 6 shows the differences of soluble P with
depth of sampling; Lansome and Butt Furlong
fields were chosen as the concentrations were large
enough to be accurately measured. Fluctuations
were large at all depths in Lansome field. (P and K
analyses on Barnfield at Rothamsted showed
similar changes for the 0-4 in. and 4-8 in. depths,
but fluctuations were less in the samples from
8-12 in. depth.)
Potassium. Soluble K was expected to behave
differently in arable and in grassland soils and
Fig. 4 shows average values for the two kinds of
sites separately. The last analyses were made in
March 1962 as some sites were then disturbed.
Average fluctuations in soluble K in the grass-
land soils "were greater than in arable land, but in
both soluble K decreased in the spring and early
summer, then increased to a maximum in the
autumn, decreasing again in the winter. Soils under
arable crops had not attained the concentrations
found when sampling began by March 1962, where-
as soils under pasture had.
Fig. 7 shows fluctuations over the year in
soluble K on each field, measured both on fresh and
on air-dried soils. Fig. 8 shows differences of soluble
K in the air-dried soils with depth of sampling. The
largest fluctuations occur in the surface soil.
DISCUSSION
When measurements of soluble P or K are used
to follow changes caused by manuring programmes
and to adjust fertilizer dressings as in the way
described by Karlovsky (1962) for planning the use
of phosphate on well-established dairy pastures in
New Zealand, it is important that factors other
than cropping and manuring should not change the
values, or that the changes should be predictable.
Also, the measurements of soluble P and K in soils,
which are intended for such use in advisory work,
should be simple to make. Measuring P and K
concentrations in equilibrium solutions of O'OIM
CaCl2 is simple and has the theoretical justification
established by Schofield (1955) for P and by
Matthews & Beckett (1962) for K. The filtrate is
easily analysed, clay being flocculated by the
calcium chloride. Where only traces of P and K are
present in solution the values are necessarily
approximate, but as such soils will be classed as
'very low', and all crops need adequate P and K
fertilizer, this is no hindrance to using the method
for advising farmers. In the 'medium' and 'high'
categories concentrations can be determined
accurately.
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The P and K concentrations in two successive
springs were roughly constant, except for Lansome
Field at Woburn, although large dressings of
fertilizers and FYM had been given to some of the
soils; the crops grown would have removed only a
small part of the P applied. The P and K in these
soils seems to behave as constituents of sparingly
soluble compounds whose solubility products
govern the amounts dissolved by a dilute salt
solution. A tentative conclusion is that spring is
the best time for sampling the richer soils as con-
centrations of soluble P and K are most constant
then. But where P and K concentrations were
small, they remained so, even after large fertilizer
dressings, and the soils could be sampled satis-
factorily at any time of the year.
The largest fluctuations in P concentrations
occurred in the Barnfield plots that received both
FYM and inorganic fertilizer dressings. The large
concentration of P in the sandy soil on Lansome
Field at Woburn fell with cropping and did not
recover in the year; there is no explanation for this.
The K concentrations generally fluctuated more
than P concentrations with the different manuring
and cropping systems. Nitrogen fertilizers (both
NaNO3 and (NEL^SOJ stabilized the concentra-
tions of soluble K in Barnfield soil, and fluctuations
caused by manuring were less than on plots without
N.
The smaller fluctuations in P and K concentra-
tions in soils other than Barnfield may have been
caused by crops removing nutrients, cultivations,
temperature changes, rainfall, or microbiological
activity. The only one of these causes that could be
identified was the rapid growth of crops in spring
when nutrients were used faster than they could be
replenished from insoluble reserves. The increase in
P and K concentrations during the late summer
and autumn cannot be easily explained, but it may
have been caused by P and K released when the
population of micro-organisms decreased. Ploughing
also altered the concentrations temporarily.
From similar work on seasonal changes in soil
phosphate Smith (1959) suggested that mid- and
late summer are best avoided for sampling. He
found large variations in soluble P in some soils; in
one example, 35 p.p.m. of soluble P were found at
the end of the year and 130 p.p.m. in summer; the
changes were related to temperature and rainfall.
Milton and Buckett (1953) measured the amounts
of P and K soluble in citric acid solution at intervals
during a year. Barley was grown after ploughing a
4-year-old ley to which 15 tons/acre of compost had
been given in 1950. Amounts of both P and K were
small, about 80 p.p.m. K and 44 p.p.m. P, at the
end of the year. They were roughly constant until
April when barley was sown, then increased rapidly
to about 400 p.p.m. K and 350 p.p.m. P but fell
again to small values in the autumn. The final value
for K was the same as when sampling began but the
final amount of P was twice the initial. The increase
during summer was thought to be concomitant
with increased biological activity in the soil;
soluble P varied much more in soils rich in organic
matter than in 'ordinary' arable soils.
SUMMARY AND CONCLUSIONS
Variations during 12 months in the concentra-
tions of soil P and K soluble in 0-01M CaCl2 solution
were measured on several sites with contrasted
histories at both Rothamsted and Woburn. Con-
centrations were always less in fresh than in air-
dried soils.
P concentrations in the heavy soils at Rotham-
sted were remarkably constant, seasonal variation
only occurring where FYM or phosphate fertilizers
had been applied during the year. At Woburn P
concentrations were also constant in the poorer
soils, but varied during the year in rich soils.
On Barnfield at Rothamsted the plots receiving
FYM each year contained more soluble P than
those treated with superphosphate. Where both
FYM and superphosphate were applied, P con-
centrations were greater than the sum of values on
plots receiving FYM and superphosphate separately
because a given amount of P remained more soluble
when FYM was regularly applied. P also remained
more soluble on plots given ammonium sul-
phate.
The plots receiving FYM contained less soluble K
than those receiving potassium as inorganic fer-
tilizer. The concentration of soluble K varied more
than that of P during the season (except on fallow
plots not given potassium fertilizer), but the varia-
were lessened where NaN03 or (NH4)2SO4 was
applied. K concentrations fell as crops grew in the
spring, rose in the autumn but fell again in winter,
and in April 1962 were as in April 1961.
None of the changes that occurred during a year
altered the general classification into 'low',
'medium' and 'high' of either the P or the K
status of particular soils.
To obtain consistent results for advising farmers,
time of sampling is important and must be
standardized. In soils of the 'low' category
measurements of soluble P or K change little during
a year so such soil can be sampled at any time, but
to allow for the considerable fluctuations in the
richer soils, sampling should be done in spring.
Provided sampling is carefully timed in relation to
cropping and manuring, consistent results from year
to year can be expected and measurements of P
and K soluble in dilute calcium chloride solutions
should indicate genuine changes in soluble nutrients
caused by cropping and manuring.
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